Purpose To report a complication of airway obstruction during spinal deformity correction surgery in Duchenne muscular dystrophy (DMD) patient, due to lordoscoliosis, airway malacia, and prone surgical positioning, which was rectified by changing the position of the patient and surgery was successfully completed. Case description A 15-year-old boy was diagnosed with DMD and admitted for surgical treatment of thoracolumbar scoliosis. The patient's preoperative Cobb's angle was 79°a nd the kyphotic angle was -19°. During the initial period of surgery, while in the prone position, peak inspiratory pressure (PIP) suddenly increased from 20-21 to 38-41 cmH 2 O, wheezing sounds were heard on auscultation of both lungs, and his blood pressure began to fall. Under suspicion of airway problem, intraoperative fiberoptic bronchoscopy was performed which confirmed airway obstruction. Attributing patient's prone position as the cause of airway obstruction, the surgical position of the patient was changed from prone to semi-lateral. After this change, the PIP stabilized to within normal limits (20-23 cmH 2 O). The surgical correction was successfully completed with a posterior-only pedicle screw by the freehand technique, with the patient in the semi-lateral position for the rest of surgery. Conclusions Lordoscoliosis and airway malacia in a patient with DMD can lead to occlusion of the tracheobronchial lumen when the patient is in the prone position. Changing the patient's position from prone to semi-lateral can be of help to reverse this airway obstruction and complete the surgery. Pedicular screw insertion can be safely and effectively carried out in this position using freehand technique.
Introduction
Scoliosis is a frequently encountered deformity in nonambulatory Duchenne muscular dystrophy (DMD) patients that often has negative effects on general health, sitting balance, and wheelchair transmission [16] . This disability ultimately leads to improper sitting posture, pressure sores, costo-pelvic impingement pain, and reduced pulmonary function [12] . For these reasons, surgical correction of the deformity is often necessary [13] .
Usually, corrective spinal surgery in patients with DMD is performed through a posterior approach with the patient in prone position, because this allows for preservation of thoracic and pulmonary function, prevention of anesthetic complications caused by single-lung ventilation, and a relatively short surgical time compared to an anterior approach with the patient in the lateral position [6, 22] . However, the surgical correction of spinal deformities of DMD patients in the prone position is sometimes complicated by deteriorating cardio-pulmonary function and upper airway problems [5, 9, 13] . In particular, thoracic lordosis concomitant with airway malacia can cause lifethreatening intraoperative problems, such as airway obstruction, which may force the surgical team to abandon the procedure [1, 17, 19, 20] .
We report a case of airway obstruction which developed while performing the surgical correction of scoliosis in prone position in a DMD patient. This problem was managed by changing the patient's position from prone to semilateral to alleviate the compression of the airway, and the surgery was concluded successfully.
Case report
A 15-year-old boy with a diagnosis of DMD who was wheelchair bound for 3 years (from 2008-2011) was admitted with progressive spinal deformity, back pain and positional imbalance (Fig. 1a) . In the past, the patient used two types of customized wheel chairs: one without cushioning for short distances or brief movement, and one electric structured wheelchair with a seat cushion and back filler for long-term use. He did not have any problem with respiration, history of breathlessness and wheezing or any medical history of pulmonary problems. He was more comfortable sleeping on the sides he was not used to sleeping prone.
On physical examination, the patient's height and weight were 158 cm and 32 kg, respectively. The patient was diagnosed with lordoscoliosis ( Fig. 1b, c) . His preoperative Cobb's angle measured from T8 to L5 was 79°and kyphotic angle measured from T3 to T12 was -19°. Computed tomography (CT) showed a distorted chest wall, deformed spine, and anterior-posteriorly flattened chest (Fig. 1d) . Preoperative pulmonary function tests (PFTs) reported a forced vital capacity (FVC) of 44 %, forced expiratory volume for one second (FEV 1 ) of 37 %, FEV 1 / FVC ratio of 77 %, and a peak expiratory flow rate of 35 %. Comparing the patient's results to the predicted values, and based on his flow-volume curve, there were no signs of obstructive pulmonary pathology on his PFTs. Chest radiographs, electrocardiogram, and echocardiography were reported as normal. Based on this information, deformity correction surgery in the prone position with a posterior-only pedicle screw system was planned.
After the patient arrived in the operating room, general anesthesia was induced with an intravenous infusion of propofol and remifentanil using a target-controlled infusion system (Orchestra Base Primea, Fresenius Vial, France) and endotracheal intubation was facilitated by rocuronium, 0.6 mg/kg. The patient's trachea was intubated using a 7.0-mm (I.D.) wire-reinforced tube (Mallinckrodt Medical, Athlone, Ireland). The insertion depth was 20 cm at the Fig. 1 a The patient presented with scoliosis, pelvic tilting, and costo-pelvic impingement. b An anterior-posterior plain radiograph showed that the patient had scoliosis with a Cobb's angle from T8 to L5 of 79°. c A lateral plain radiograph showed that the patient had lordosis on the thoracic spine, and the kyphotic angle from T3 to T12 was measured as -19°. The apex of the lordosis is located on T3 or 4 areas. d Computed tomography showed a decreased distance between the sternum and vertebrae (white arrow)
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upper incisors, and both lung sounds were even and clear with manual bagging. Peak inspiratory pressure (PIP) was 17-18 cmH 2 O in the supine position, with a tidal volume of 300 mL and respiration rate of 14 breaths per minute. After induction and confirming the patient's respiratory status, airway examination with flexible bronchoscopy was performed as per the protocol followed at our institute. On pre-positioning bronchoscopy, slight segmental airway malacia and narrowing of lower trachea was observed but other anatomical abnormalities were not detected. Although PIP was slightly increased to 20-21 cmH 2 O after moving the patient to the prone position; he showed no signs of respiratory distress and was maintaining his oxygen saturation adequately. Anesthesia was maintained with oxygen, medical air, and continuous infusion of propofol and remifentanil. Additional muscle relaxants were not used to enable the monitoring of spinal cord and peripheral nerves, using motor-evoked potentials throughout the period of surgery.
After cleaning and draping free the surgical site, posterior midline incision was taken and spine was exposed using monopolar cautery for dissection and Cobb elevator for paraspinal muscle retraction. Thirty minutes after the start of surgery, the patient suddenly showed signs of airway distress including increased PIP to 38-41 cmH 2 O and bilateral wheezing sounds. A flexible fiberoptic bronchoscope (Olympus LF-P, Olympus Optical Company, Tokyo, Japan) exam with manual ventilation was performed immediately, and revealed severely narrowed segment of the tracheobronchial lumen located approximately 22-25 cm away from the upper incisors (Fig. 2) . The endotracheal tube was advanced along the fiberscope to 1 cm above the carina and was finally positioned at 25 cm at the upper incisors, but PIP remained high and ventilation did not improve.
Therefore, the position of the patient was immediately changed from prone to supine, and 10 min later, his PIP decreased to 20-22 cmH 2 O. With close and vigilant monitoring of airway pressure, we tried to make him prone again but the PIP increased again making ventilation impossible.
From above, we inferred that prone positioning is causing airway obstruction and the position of the patient was changed from supine to lateral, and then to the left-up semi-lateral position (inclined about 45°to horizontal) with the hope of being able to continue the operation. In the semi-lateral position, PIP stabilized to 20-23 cmH 2 O (Fig. 3 ) and the surgical procedure was resumed. Pedicle screws were inserted by the free-hand technique, being careful not to compress the chest [14, 15] . The patient's vital signs remained stable during the remainder of the operation. After surgery, patient was extubated under careful airway pressure and lung compliance monitoring. The extubation was performed without difficulty and the patient had no pulmonary complication.
The postoperative Cobb's angle was 32°and kyphotic angle was 10° (Fig. 4a, b) . On postoperative day 5, bronchoscopy showed airway malacia in the lower trachea and both proximal main bronchi (Fig. 4c, d ). 
Discussion
Scoliosis is one of the most frequent complications of DMD, with an incidence rate of 69-90 %. Spinal deformity in DMD generally takes a long C shape in the coronal plane. In the sagittal plane, patients often have kyphoscoliosis, lordoscoliosis, or hyperlordosis with spinal rigidity [10, 18, 21] . Oda et al. [18] reported 39 % of patients having scoliosis in DMD have lordoscoliosis. The exact incidence of lordoscoliosis in DMD is poorly reported in the literature. Similarly percentage of DMD patients with airway malacia who do not require respiratory assistance is known to be uncommon although the exact incidence rate has not been reported through a well-structured study with larger numbers [2] . Based on this information, lordoscoliosis concomitant with airway malacia can be taken as rare. There is one case report in the literature describing these complex complications which happen when DMD patient is turned prone for surgery. The decrease of the sterno-vertebral distance by lordoscoliosis, and softening of the tracheal ring by airway malacia was taken as the possible cause for the airway obstruction [20] .
If airway obstruction during surgery in the prone position occurs, continuation of surgery is practically not possible considering life-threatening status of the complication. In addition, correction of long-C-shape scoliosis is difficult through an anterior-only approach, and the insertion of pedicle screws in any other position except prone is also difficult due to the three-dimensional nature of the deformity, which limits the use of a C-arm [20] . We overcame this problem by changing the position of patient to semi-prone and use of free-hand surgical technique to insert pedicular screws which eliminates the need of C-arm. To the best of our knowledge, there are no similar reported cases in the literature.
In our case, in spite of his benign, non-obstructive PFT pattern and lack of any history of pulmonary problems, the patient had three potential risk factors that could lead to airway obstruction. First, the patient's chest radiographs and CT showed a decrease in the upper thoracic anteriorposterior diameter due to thoracic lordoscoliosis (Fig. 1c, d ). This anatomical change causes the trachea to become more vulnerable to compression by the spine posteriorly and to the manubrium sterni anteriorly [1, 19, 20] . The narrowed portion of the lower trachea (22-25 cm from incisors) corresponded to the apex of the lordoscoliosis in sagittal plane (T3 or 4) (Fig. 1) . Furthermore, in prone position, the trachea could have been indented by the vertebrae posteriorly, or by the manubrium anteriorly, or both. Secondly, the patient also had airway malacia, in which the C-shaped cartilage of the trachea lose their curvature and cause the trachealis muscle, which covers the posterior side of the tracheal cartilages, to become loose and floppy as opposed to forming a tight muscle canopy [11, 19, 20] . Third, the scoliosis surgery in DMD patients is usually done in prone position and the pressure applied by the surgeon's hands and instruments while exposing the spine might have further aggravated the compression on the already vulnerable airways [19, 20] . Among the above-mentioned causes, the only one that can be addressed and corrected during surgery is position. Therefore, we changed the surgical position to one that was acceptable for pedicle screw insertion without exacerbating the airway problem (i.e., the semi-lateral position). By changing the position from prone to semi-lateral, the trachea was likely decompressed, indicated by normalization of PIP, allowing us to proceed with the surgery. When the surgical position of the patient is changed to semi-lateral from prone, additional rotation of the vertebrae is introduced by coronal and sagittal tilting of the body. The use of an image intensifier to insert pedicle screws may not be practical due to overlapping shadows of the bony elements in this position, and is further complicated by scoliosis deformity. Therefore, in this scenario the free hand technique is a better option as it does not depend on the use of an image intensifier and allows the surgeon to finish the operation without prolonging the average operation time [15] .
In summary, surgeons should be prepared to handle intraoperative airway obstructions during surgery on DMD patients with lordoscoliosis and/or airway malacia. Bartlett et al. [1] suggested that all children with thoracic lordoscoliosis require regular monitoring of respiratory function in cases of scoliosis with neurofibromatosis or Tuner syndrome. They also suggested that if patients have pulmonary symptoms or abnormal lung function tests, ventilationperfusion scans or three-dimensional computed tomography scans should be performed during preoperative assessment for prevention of airway obstruction. This protocol is supported by the American Thoracic Society for the preoperative screening of patients to determine fitness for anesthesia and for extensive deformity correction surgery [3, 4, 7, 8] . Although intraoperative airway obstruction may not be expected, since the flow-volume curve of a DMD patient may be normal except for a decrease in volume due to muscular dystrophy, spine surgeons should be careful and have plans in place to control emergent airway obstruction. Changing patient position from prone to semi-lateral is one option to manage airway obstruction, and the free-hand technique can be used to successfully correct the curve and complete the surgery in such cases.
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